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II. i'rrr-.ODUCTio\’ 

The objective of this vork le to detersilac the soet 
econoalcal eystens of beys and spans for the rrame of e 
structure utilized to cover a «yiven w'ldth of floorin'?. The 
structure la to be deslo:ned accord Insr to the concepts of 
articulated wedse-beam frsalng ac they ere sdiJ.pted to a one 
story -yabled eteel frotse of the ehspe ordinarily used in nil! 
buildin'Ts. The specific object of the study is to obtain 
a series of curves sho-?rlaiT the isrelstht of structural steel per 
scuare foot of floor area covered plotted accalnst the number 
of equal length bay? used. Probably the best tray to Illustrate 
how such curves could be used le by «n example. Given the 
problem to deelcrn a warehouse 150 feet viae uelasr the principles 
of articulated weda;e-beaa framlns?. The curves would indicate 
which of the follorln« structural arranErements would probably 
be Tsoct sconoolcal from a material standpoint: (a) a single 
150 foot span, (b) two eeventy-flve foot spans, (c) three 
fifty foot spans, or indirectly (d) two -forty and two thirty- 
five foot spans. 

The concept of articulated wed-re-besm framln:? hss been 
developed by jnr, Arnhaa Anirlkian, Head Desl5rnla<? -n<^lneer 
with the Bureau of ’■^ards and Docks, U. Kavy, ’Sr. Amlriklan 
has extensively covered the aepecte of thle type of framing 
and is now in the process of publighlns? the complete theory 
including analytical fomulae and tables for use in the 
construction industry, ft brief outline of the basic principles 
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Involved in vedcre-be.rsra fraalap; le contained In a preliminary 
article. Conventional dealrn nethods do not fully utilize 
the materlalc in flexural 'aembers In that they require the 
choice of an entire member based on son!© ffiaxlnua Btreas 
occurlnflf at only one point in the member. This exasr^r crated 
Inefficiency In the uee of aateriale ic often partially 
corrected by placing a haunch at the section of high stress, 
"'■edge-bena franlm- much more completely corrects this fault 
by the use of tapered beams (Cee Fist. 1), which are designed 
to furnish a varyln*? section modulus to conform rou^ly to the 
moment dlagrsn of the taember belnt; desl-^ned, thus avoiding 
large portions of unde ret re seed material. 

The concept of an articulated frame composed of wedge - 
beam members la based on the action of a simple cantilever 
beam In flexure. The cantilever bean has the unique property 
of having a consistent pattern of bendlnv since the moment 
dlagraa inevitably varies from a nlnlmum at the free end to a 
maxlntSa at the fixed end, no matter what system of lateral 
loading Is applied. It la seen from Fig. 1 that the section 
modulus of a wed rre -beam varies In the same general way as the 
aonent diagram of the simple cantilever beam. Oantlleve r action 
la obtained In a structure by the ace of the articulated phase 
Ob the theory. 'Consider a single bay gabled frame ("ee 2). 

If n pin Is Introduced at the crown and If the knee joints 
sre rldd, the crown will be eurficiently free to cause each 



1, ftalrlklan, A. ”'"uture Developments in <'t6lded Cteel 

Buildings." The ~^eldlng Journal . XVII (Aug.19'^3) 593-599« 
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roof •aember to act ss s cantilever fixed at the knee, 

further, the colu'sns are Joined to the foundation by a pin 



connection. *\eferrln-r to Flf^. 2 it Is seen that the .lonent 
dlas^raa of the etrijcture is analosT.ouB to a series of cantilever 
been nonent dlaa^rans with fixed ends at the knees of the frane. 
By selectin'^ the proper taper for the nenbers the section 
aodulus diaacraa furnished can follow closely the section 
aoduluc dlairrau required. As a sidellorht It Is noted that the 
ffobled structure shown In FIs;. 2 is statically deteriolnate 
while Its counterpart in an ordinary rls;ld fraue Is IndeteriX- 
Inate to st least one decree. 

This explanation of the underlylny principles of wedcre- 
beaai fraain.'; is ndnlttedly brief and Is presented In the nature 
of back<rround Tiaterlal. Only one of the possible applications 
of w€d5;e-bean frasin?; has been nentloned, Also any discussion 
of the expected «svlns;s In cost and weight resulting? fron the 
application of this principle Inetead of the principles of 
ordinary rlt;ld frarsint; or tmiee fra-aln?; la considered outside 
the scope of this study, Icononlc studies could be nade ao a 
continuation of this thesis. The principles of articulated 
wedt;e-bean fraffllns; as conceived by yr. Aulrlklan are still new 
and contain sany possibilities for further inveetiTstions. in 
fact, aany InvestlftationR will have to be sade to firniy 
establish the practicability of the theory. 
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III. ozyjshh 
3-1. The Problen . 

The specific problea undertaken In this theslfi was to 
obtain a eerie g of curves which would show what ari’angement of 
bays and spaas would s;ive the create ct econorsy of etraotural 
fra® In J! material for a ainsle etory stabled eteel frarse designed 
to cover a :?lven total span. The structure was constructed 
according to Mr. Amlrlklan*s concept of articulated wedge- 
beara framing. It was decided that the desired results could 
best be ^hown by a group of curves of weight of structural 
fraalnfp material per square foot of floor area covered plotted 
sgsinat the number of bays used. The curve group wcwld contain 
Individual curves for various total spans with the total span 
divided Into the number ofecucl span bays Indicated on the 
graph abclBsa. Thus the problem becaiae one of designing a 
number of one story gabled steel frames utilizing articulated 
wedge-b^a’S framing, »nough Trasses using different numbers of 
bays for a given total span had to be deoigned in OTxier to 
obtain a good curve of weight versus number of bays for that 
total span, further, results for a sufficient number and 
spread of total spans were needed to Indicate whether or not 
a generalized etateiaeat concerning the problem could be made 
from the pattern of the series of curves, 

3-3, Procedure "Ol lowed . 

It was felt that the mechanics of designing the frames 
would be facilitated if the designs were pointed towards an 
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Initial series of curves of vels^ht of fraairna: aaterisl In 
pounds per square foot of floor ares plotted saialnst total span 
In feet. >*’or this series ©eparste curves were obtslned for 
slnt^le bay, two bay, three bay, snd four bey structures. 

'?ro :3 these Initial curves the final curves bf welotht of material 
versus nu’sber of bays were obtained. By usln?, thle procedure 
It wss possible to utilise somewhat repeating groups of spans 
per bay for each of the Initial curves. This use of the same 
spans per bay for each of the various number of bays ari’eatly 
facilitated checkins? the deslvn coaputations. 

1th this a;eneral procedure determined, an outline of the 
onier of attack was as follows: 



1. Determination of the basic desls^n data and assumptions 
Includiru^ the frame dine ns Iotis snd loadlnv end the various 
factors fl^overnia!?; allowable gtreaees. 



?, '~e lection of spans for the ein-^le bay frames and 

deslrn of those frases. ^rsnee were desiftned fvor gpaas of 
40, 60, BO, 1?0, and 15'0 feet. These spans were, of course. 



both the span per bay and the total eoan. 

3. Deslrn of frames ^or the two bev structure, 
for th* spans listed were desl??ned. 



•rsmee 



4 . 



^pan per bay 


Total 




20 feet 


40 


feet 


40 


BO 




60 


120 




80 


160 




120 


240 




150 


300 




Design of frame s for the 


three 


bsy structure. 


spans listed were decisxned 


o 




per bay 


Total 


span 


20 feet 


60 


feet 


40 


120 




60 






30 


240 




100 


300 
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‘5. D«8l"’n of th« frame P for the four bay structure, 

^araeo for the apans listed were desleined, 

Span per bay Total ep»n 



20 feet 


30 


40 


160 


60 


240 


80 


320 


100 


400 



6. Plot of Initial eerlee of curves of Frame li^ht In 
pounds per square foot of floor area versus Total rpan in 
feet for alnc'le bay frames, two equal bay?, three equal bays 
and four equal bays, '^ee Traph 1. 

7. Plot of the final series of curves uslns^ points froa 
the Initial curves, these curves show ■rane - e Icrfit In pound® 
per square foot of floor area versus -umber of Squsl Says for 
total spans of 60, SO, 120, 160, and 240 feet, fee 'Iraph 2. 

8. Analysis of curves. 

Dlscuea Ion of Procedure . 4 total of twenty-two frames 
were deei<Tned and s point for each of these franes was plotted 
on the Inltisl series of curves ('rraph 1). In plotting; the 
final series of c'urves (''raph 2) only ei«7htean points were 
used, and of these only thirteen were points actually plotted 
on "Iraph 1. ^hls does not indicate an Inaccurocy in Graph 2 
as a mlance at Graph 1 shows that Interpolation between points 
was culte eery and would not Introduce any appreciable error, 
’’owever. It does Indicate a possible fallcy In the general 
procedure used, rince time very definitely United the extent 
of the work on this thesis, it Is possible that points for 
a five bay structure could have been obtained if the desl-^n 
work had been pointed directly towsrde the final series of 
curves. If the curves could have been extended to five boys, 
the value of the curves would have been Increased materially. 
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The > 3 ethod of analyslo ueed for the aultiple bay frames 
le the Kethod described by i:r. Amlrlklan In his current 
articles. It is discussed In Article 3-4« 

In deslc’nlna: the frame as a whole and the Individual 
members of the fraae only skeleton deslen? were done. That Is 
to say that while the Tteel Constnjctlon 'anual of the A.I.C.C. 
was followed In desi^nlna: the meabers, no de8i>7,n or weight 
allowance was made for items such as t''-e welding or stiffeners 
required, flnce the end result of each desl-n was a weight. 

It wap felt that the ellnlnatlon of these Items introduced a 
neo’llglble error in that weluht particularly ae it wae in ters» 
of pounds per square foot of floor ares. 

'’o design was prepared for any part of the structure 
except the actual bay framimt itselfo It wsp assumed that the 
other parts of the structures, besides be Ins: of secondary interest, 
would have an approximately equal weight expressed in pouiKie 
per Bcusre foot of floor area. Thus the only variable entering 
Into the f-raph ordinates was the welvht of the franlnsf itself. 
Accordingly the ordinates plotted were only the weight of the 
frame reduced to pounds per square foot® Plotting only the 
welrht of bay rramlnv material tended to emphasize the effect 
of increasing the nanber of bays for a eriven span, and was 
therefore felt to be in keeplnv with the object of the thesis. 

3-3» Design Data and Aasunntlons . 

•rang Dine ns Ions and Construct ion . Cee ’*lg. 3» I'he 
following assumed data concerning the frames pertains to all 
the structures designed except as epecifically noted. 
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Colu-an helt^ht froa base of column to Intersection of worklnp, 
lines of column ars3 roof messbers le 20 feet. 

Say depth is 20 feet. 

'^pan per bay Ic the distance between adjacent column worklnj^ 
lines. Total span Is the distance between working lines of 
the two exterior columns. 

'lable rise above top of columns for; 
spans per bay up to end Includlnp- 20 feet is 5 feet, 
spans above 20 feet up to and includlns; 60 feet Is 10 feet, 
spans above 60 feet up to and Includlnp 120 feet Is 15 feet, 
spans above 120 feet is 20 feet. These nrroupinps were used to 
facilitate the use of '!r, /‘.mlrlklan* a deelp^n tables and still 
provide a somewhat uniform yet practical rise to span ratio, 
lateral support of members (perpendicular to Y-Y axle) is as 

fOllOWft. 

Txterlor columns have lateral support throus^hout. 

Foot members have lateral support throuarhout. 

Interior columns ere laterally supported by bracln?T at a point 
15 feet above the floor level. These assumptions were made 
as a co-opTOmlse between simplicity and practicality In the 
deslain. They tended to elmpllfy, and so speed up, the design 
work without Injuring' the results of the project. The 15 foot 
unsupported lensrth of the interior columns was arrived at 
through conelde ration of the problem’s ststement. It wob 
asBvimed that the area covered by the etructurs must be as clear 
as possible of structural elements, and that a wall running 
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alonar the Interior coluone vorald be objectionable. 

yrarne I.oa<l ln<y e Cee Flo;. 3. The following apoliee to 
all fraaes. The entire structure Is loaded with a unlfora 
arravlty load on the roof of 50 pounds per square foot of 
horizontal area covered, with a 20 foot bay depth this gave 
a unlfora trrsvlty load of one kip per foot of span on the bay 
frataing. No horizontal loading of any type was aeauaed. The 
assuned loading pattern was not In accordance with general 
building code sped float Ions. The 50 po^inds per square foot 
was adequate allowance for a combined dead and unlfora snow 
live load for most arena. No attempt was made to deal with 
wind loads because the method of handllnsr such loads varies 
with different designers. Further, It woe not felt thot the 
addition of a wind load would have any material effect on the 
relative shapes and positions of t*^® final curves® A elnilar 
argument held with regard to the vertical loads and their 
application, Siapllcity of design was the governing factor 
in the choice of frame loading. 

Mlownble *'tresoeg . The A.I.5.C. *iteel Construct Ion 
Nanus 1 was used throughout the design of raenibers? It has been 
previously nentloned that stiffeners were not designed, but 
it was aoEUsed that they would be used where necessary to sake 
any designed aerabers acceptable® 

tr.be rs ® Cee ^Ig. 1. It waa recoaoended and proved 
profitable to use the minimum cut (minimum value of "e” In 
Fig. 1) that could be used in practice. Aecordluf’ly, e was 
taken as two inches wherever possible. This allows just enough 
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clearance between rinnctee at the ssall end of the wedge-beaa 
to conveniently weld the two sections together. This le 
further dlecuseed In Article 3-5o 
Ve thod of ^nalysle . 

Thie dlecusslon of the aethod of pnJilVGls le divided into 
two areneral sections. The first aectlon deals with the single 
bey stTOctures and the second with the multiple bsy etructur'es, 
"single 3a y ctirjtcture . 

A single bay, one story gable frame utilizing articulated 
wedge-bea** framing (Fig. 2) is a statically detsralnste 
structure. It le made statically determinate through the 
articulated phase of the design which has a pin at the crovm 
Joint and pin foundation connections. Thus there are four 
reaction eoraponente to be found, a horizontal and a vertical 
component at each of the foundation pins. i;e cause of the pin 
at the crown, about which the moment sauet be zero, four condition 
equations may be written for the structure. These are the 
usual equations of statics concerning the s-j~ of the external 
horizontal end vertical forces and -aoTaentr- plus an equation 
stating that the moment at the crown pin la equal to zero, 

■^^eae simultaneous equations may be solved directly to find 
the reaction conponenta. 'laving found the reaction components, 
the moments reouired to complete the analysis may be written 
directly. 

3-^b. Vult lole Bay rtructures . 

The multiple bay, one story gable frames utilizing 
articulated wedge-beam framliig designed in this work were 
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arifllyzed by a method developed by ’*r, Anlrlklan. This 
discussion denis only briefly with the method a? It applies 
to one story stable frames loaded with a uniform (gravity 
loadlnar, l!r, A.mlrllclen is now publishins!' articles which 
develops and illustmte the method completely In its app- 
licetlcyi to different types of articulated wedsie-bean frames 
under varyinst conditions of loadlnc?. 

The use of articulated wed<^e-bea!R framing as opposed to 
ordinary rictld ^raalnot reduces the number of unknowns which 
must be determined by methods of Indeterminate structures. If 
the number of bays contained In o frame Is Indicated by ”n", 
then the number of indeteralnate unknowns, '’x“, rs&y be 
expressed by the following? relations: 
s'or unsymne tries 1 loadlnsr - 

^Iven number of bays, x - n-1 

Odd number of bays, x = n-1 

"^or synme tries 1 loadlnar and fratalno; - 

^:ven number of bays, x - n/2 

Odd number of bays, x Z (n-l)/2 

A fmae of the type deslntned In this work may be considered 
to consist of a series of simple frames joined toi^ther by 
crown joint pins, fee ^lor. 4, For the prupoec of analysis 
the division or cuttlns: of a ^rnrse Into its component simple 
frames does not reoulre special rules. In moet cases the 
separation Is made at the crorn joint in every other bay of an 
assembly. Thus in Fiir, 4, the three bay frame Is cut at the 
crown hlncre of the second bay to form simple frames 1 and 2, 

The four bey frame may be cut as shown into simple frames 1, 2 
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and 3. The unknoume In any frane consist of the two hlns;e 
reactions at each joint linking adjacent elnple franes. The 
nunber of unknowns for a syniaetrlcal three bay fraae that Is 
sysnetrlcslly loaded 4) is reduced to one In sccordsnce 

with the equations erlven above by the fact of Its eyaiaetry. 

The vertical force at hln«re B oust be 2 er*o, ^Irjllarly the 
analysis of the four bay fraiae could by aloollfled to take 
advantccre of symoetry by cutting? the frctae st hlnr^es B and 
C« The cuts and forces shown In Flrr,, 4 lllustj’ate the s^eneral 
case . 

In order to determine the values of these hlnsre reactions 
their Interrelationship Is first established. this Is obtained 
froTs the conelde ration that two adjacent simple frsaes will 
have the sane deflection st a conoon link. The next step is 
to solve the resultlns; series of slriultaneoue equations. Tore 
epeclficslly, the procedure to be followed in the analysis 
cone late of the following: 

1. Subdivide the naln asee'nbly or framins? Into its 
component olnple frs^ies, and Indicate the unknown hino^e forces 
at each cut Joint. This will result in a aeries of statically 
determinate elaple fraaes, each subjected to unknown H and V 
forces on each side In addition to its own loadlnv, 

2. Draw the moment dlat?ms5 of each elnple fracse due to 
each unknown 4 and V force as well as one for the jjlven losdln!? 
of the frame. This results in a series of nonent dlaf^raas. 

3. Uslni? the 'nosient dlat^raiae in (2), write an expression 

for the horlrontxl and vertical deflection at each cut Joint 
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of each eliaple frase. 

4, Equate the deflections of adjacent elaple fraaes. 
This will result In a set of slnultaneoua equations, the 
number of which will correspond to the nuaber of the unknown 
hlncre reactions. 

5. Usla^ the equations In (4) solve for the unknown 
hlnfce reactions. 

Deflection gquat Ions . In s^erxeral, two equations can be 
derived fron the two deflections at each connecting Joint of 
adjacent slsjple fraaes. As stated above, these are obtained 
by equating the horizontal and vertical deflections of the 
Joint frora one frai» to the corresponding expressions In the 
other frame. The deflection of a simple frame le. given by 
the usual expre salon: 



In which Is the deflection of a Joint D, measured In the 
desired direction, llg is the simple frame moment due to the 
applied loading, m 0 Is the simple frame moment due to a unit 
load applied at the Joint In the desired direction of the 
deflection, ds Is an element of length, E and I are the 
modulus of elasticity and moment of inertia, respectively; 
and the summation Includes all the members of the frame. 

Dlnce each member of the framing has a rl^ld Joint at 
one end and a hinged connection at the other, the bending 
moment diagram of each member Is similar to that of a canti- 
lever besjs. The moment asy be due to an end force, such as 
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the hins?e reaction normal to the axis, or to a s^iven loadlnjj 
applied between the two ends of s aeniber. !fow, let rep- 
resent the end force or nomal hln«^e reaction, which produces 
the simple aonent *g In a sember, and the end force which 
produces a aonent a„ • Then the contribution of a aeaber to 

c 

the deflection of the staple frame, Eq, (1), nay be considered 
an the deflection, of a cantilever subjected to a load of 
X at its end. It In given by the relation: 






/ 



( 2 ) 



In which k is a constant depef^lng on the shape of the aeaber, 
1 Is the length and I Is the moment of Inertia of the small 
end of a tapered or wedge -bests member. 

The deflection of a aesber due to a loading applied 
between the ends Is the same as that of e simple cantilever. 
®'or a concentrated load, ?, the expression is: 



^ ~ ' 



(2a) 



£ 2 : 

in which kp is a constant depending on the shape of the 
member and the position of the load. 

similarly, for a uniformly distributed loading the 
expression Is: 



sx 



(2b) 



kyf bein'? the shape and the load constant for this case. 

’»'ith this concept, to obtain the deflection ^ of a 
elnple frame, it la necessary to sura \xp the deflections of 
Its component members as given by Kqs, (2), The factors 
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k, kp and k^ for yarloue types of etructural members have 
been evaluated and tabulated by Mr. Amlrlklan. the tables 
giving k values for the type of members used In this work 
are In the Appendix* 

IlluBtratlve Problem . To Illustrate the procedure in 
analysis, one general problem Is presented. The three bay 

gable frame shown in Pig. 5(a) represents a case of symmet- 
rical framing. Under the given unsymmetrlcal loading there 
are two tinknown hinge reactions at Joint D. The two deflec- 
tion equations necessary for the solution of H and V are 
obtained by using Equations 2 for the contribution of the 
frame members In one-half of the frame to the deflections at 
D* In the following equations the subscripts to ^ Indicate 
the member number and the type of deflection. 
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( 3 ) 



C2) ^ef^f/ca/ c/e /^/ec/’/ori ^/ /): 

J^r'i. A \^lk 



■4w ' [2(j^)-^2//(l- 2y/J ^^*H-0 ^ 



f ^* H - 0.^.0 
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( 4 ) 



lach of these two final equations (Eqs. 3 and 4) contain terms 
In H, V and the real load. These two simultaneous equations 
may now be solved to obtain H and V at joint D. After finding 
these forces at D, the design moments may be solved directly. 
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peyelgptient of ^Ir.pll fled thoa . The fiagl «quationss 
froa the preceeding article aay be reduced to the followlnp? 



form. 



- •=»< H j3 ]/ ^ Q = O 
^ M /S'y + Q - O 






C3'J 



In these equations the symbols a>< and Indicate the total 
coefficients of the correspondin??, unknown, R or Vo ^ is the 
total real load factor or coefficient as applied to each 
equation. The prime marks {*) denote the deflection equation 
to which the coefficient belonf^s. 

In svaluatlnc; <s< , ^ and 0^ there are certain factors which 
depend on the properties of the individual member and other 
factors which depend only von the dimensions 1 characteristics 
of the frame. These factors are now separated. The factor C 
depends on the properties of the Individual member and is 
expressed as: 



la these equations, k le the same k ob used in Equations (2) 
of the article on the deflection equations; it depends on the 
shape of the member. 1 le the lens^th of the member, I le the 

nonent of inertia of the email end of a wed?re member, h la the 

hels^ht of the column (See Pl«|. 5a), and I 2 ie half the bey span 

(See ^'ie?. 5a). Each dl'“ferent aeaber used in the frame will 
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have Its own C values. 

The factors r, e and p depend only on the dlaenslonal 
characteristics of the frane, r le the factor associated with 
Ho There will be a separata r factor for each raeaber of the 
fraae dependinc^ on the contribution of that raenber to H as 
deterslned only fron the ^eonetry of the fraae. Similarly, a 
is the factor associated with V and p is the factor associated 
with the external real loads. 

and 1 are now evaluated froTt the following equations 
in which the subscripts indicate the member Involved (Fie;. 5a). 

iC, ^ 

^ iTC * Cj! Cj $3 * S ^ 

The factors are ainpllfled by reaovlns^ h, I 2 or wli^, as 
appropriate, from the items in parentheses. Similar equations 
may be written for and Q' . 

Tables may now be set up which trreatly simplify the 
solution of the problem. For any «;lven fremlnc^ the r* a and p 
can be deteralned by followlns the cteneral procedure of solution 
as previously cx»tlined. Once these coefficients are determined, 
the deflection equations can be written directly. Mr. Amlrlklan 
hprs evaluated and tabulated these coefficients. The tables 
are arranged in a fom to assist the desl,qner in writing the 
deflection equetlone. The tables giving these coefficients for 
dl^Terent aethoda of cuttinsr the fraae are In the Appendix. 
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Only those tables which apply to enable froraes are Included 
In this work, this is adailttedly a brief explanation of the 
dovelopaent of ”r, Awlrlklan’e method, 

Illustr^t ive Troblera 'Iglng j^inpllfied ■Method . The method 
Is probably best Illustrated In this brief treatment by out- 
llnlnc^ the onalyele of the frame In 5(s) uslns^ the method, 

A step by step procedure Is criven. 

1. Select trial aembere for the frame and obtain the 

k and factors from the appended tebles, 

2, Cut the frame at hlnsre D, This means that the r, s 
and p factors will be obtained from the appended tables Isbled 
"Horizontal Deflection at Joint. 2" and "Vertical Inflection at 
Joint 2”. 

3. Because of the extent (only three bsye) and loading 

of the frame, only the following columns from those tables 
will be used: hHp , l^Vj, , work tobies similar 

to the appended tables but with only the above three columns 
for coefficients. 

4, Compute the C^^ and Cy values for each member and 
enter then In the C columns of the work tables. Zach member 
may h.-jve its own C, Relative values of c may be used for 
convenience, 

5, Compute the r values from the tabulated formulae In 

the hH^ columns of the appended tobies and enter them In the 
work tables. The s values are obtained from the ^ 2^2 columns, 
and the p values from the columns In similar fashion. 

6. The deflection equstlone are Equations (3) and (4), 
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which are repeated with the Bubgcrlpt 2 applied to H and V 
for convenience. 

^ e< /3Vg * Q ^ O (3) 

7. c7< Is evaluated by multiply Ini^ each r by Its 

corre spondlnjr, Cjj and suaiialn »5 up the products In the table 
for horizontal deflections. ^ and 2 are einllarly evaluated. 

3. 4!<^l8 evaluated by rault Iplylni? each r* by its 

corresponding a'Kl sunning up the products in the table for 
vertical deflections. j3*nnA are 8l!allnrly evaluated. 

9. 'Squatlone (3) and (4) are solved to obtain Hg and Yg. 

10. The design nonents nay now be written for the entire 
frame and the selected members checked for allowable stresees. 

11. If any member Is unsatisfactory, a new member la 
selected, Tisen n new member Is eubatituted, the only items 
changed In the work tables are the C and k values for the 
member. This feature of the method makes refinement of the 
design a relatively simple process. 

3-5. Ifenber Desiern . 

Tedge-beata members were used throughout ail of the frames, 
'^ee Flo*. 1 and Fig, 2, J'arther, all of the wedge-beam members 
were selected to be fabricated from stsrdard rolled sectlone 
88 listed In the t.I.'j.C. ^teel Construction ’’anual . Clnce 
an objection to the use of wedsre-bean framing has been the 
cost of fabricating the members. It was felt that standard 
rolled sections would be used in practice to keep the 
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fabrication coste to a talnlm-n. 

alth raferance to 1, the value of e was taken as two 

Inches wherever possible. This value of e was recoaaended as 
the alnlaun which allowed reasonable ease of welding when the 
two parte of the cut WF section were fabricated Into a wedge- 
beaa section. The reaulrcd section modulus of any member In an 
articulated wedge-beam frame varies from zero at the tapered or 
small end to a maxlnua at the large end. Therefore, the most 
efficient member and the lightest satlBfcctory member can be 
obtained by keeping e to a talniaus. This has the effect of 
wiving a very small section modulus at the small end and the 
asxlmuai possible section oodulus for the section at the large 
end. It was not always possible to use an e of two inches. 

The factor© other than the zero moment which had to be consid- 
ered at the small end of the member were the axial load and the 
transverse shear, Tlth the larger spans these factors made it 
necessary to use values of e greater than two Inches, but the 
alniaua e which would give a satisfactory member was used in 
these cases. 

In checking a aember for allowable stresses the specifica- 
tions of the A.I.S.C. nteel Construction Manual were followed. 
Column nesjbere were checked at the large end, ald-hslght and 
sms 11 end, Hoof neabere were checked st the two ends. This 
was done because of the way the uionent diagrams for the semberG 
varied. Cee Fig. 2, which shows typical column and roof 
laenber mcxsent diagrams, ”he moment diagram for the coluron 
members varied in a straight line from the maxlmtAn to zero. 
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while the supplied section nodulue varied alonr a curve 
(?*ic. 1). Thus a selected colunm metnher aai^ht have been 
satisfactory at both ends yet overstreeaed at the midpoint. 

The raoiaent dianarraas for the roof aseobers dropped off rapidly 
from a aaxiaus at the Isrj^e end. They then varied over a 
rsni^e of relatively esaall jsoraente to zero at the small end. 

Thus the two ends of a roof member were its critical points. 

The s^eneral procedure of neaber selection was much the 
same as for any indeterminate structure containing unlike, 
non-prisnatlc membcre. Initial members were selected and the 
frame was analyzed on the bsale of those aembers. The aeabers 
were then checked for stresses as discussed above. The 
oricrlnally selected members were replaced by new members when- 
ever It was felt that the new members would Improve the 
material economy of the frame or when an ori?^lnnl member was 
found to be overstressed, /ifter any change in members it was, 
of course, necessary to analyze the frsas again. As was 
pointed out in Article 3**^» this process was relatively simple 
because of the tabular method of analycle used and because only 
s few terms of the table were changed. This sensral process 
was reoeated until the final frame was arrived at. It has 
been mentioned In Article 3-3 that the members were only selected 
and detailed designs were not done. 

3-6. He suits . 

The results of this work are shown cxi Graphe 1 sad 2. 

As Was explained in Article 3**2, the results are best shown on 
Traph 2 which was obtained frcxa Graph 1. Graph 1 is a plot of 
Total Span in feet ve height of Framing ^'sterial in pounds per 
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square foot of floor area. Graph 2 Is a plot of ^^uxber of 
Kqual Ppan Bays vs »9l^?ht of franilnff Material in pounds per 
square foot of floor ar«a. 

The ordinates of both <^raphs include only the weight of 
the bay frasalna itself since econoay of fraaing anterial was 
the aaln interest in this work. This was felt to be further 
Justifiable for two reasons, first. It was assumed that the 
weight of the roofing and siding expressed In terms of pounds 
per square foot of floor area would be nearly enough equal for 
all the frames to have a negligible effect on the shape of the 
curves. Second, the effects of changing the span per bay and 
the number of bays were easphsslzed by considering only the 
frame weight in the curves. 

3-7. Dleoussion of Curves . 

Since the final curves of Graph 2 depend entirely upon 
the curves of Graph 1, only Graph 1 need be considered in a 
discussion of the accuracy of the curves. After all the points 
on Graph 1 were plotted, it seened that the most probable fors 
of curve for each set of points was a straight line, and a 
strslo-ht line was used through each set. Because the choice 
of aetabers was limited to those which could be fabricated from 
regularly rolled sections. It was Impossible to design all 
laembere to the ease efficiency. This was considered to 
partially explain the deviations frora a straight line among the 
points. Other sources of error aay also have contributed to 
the devlatlona. However, it wss felt that a straight line did 
represent the true shepe of the curves, and that the curves 
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were accurate within reason, 

3-9. Analysis of Curve s . 

GRAPH 2 INDICATES THAT s'O-. A*: 

«rC0N05IY OE FF.AJUHG KhTZ?.UL IMCKEA 
SPAN BAYS IS lYCrSASl'D, FOH A SINC 
utilizes ARTICJIATYD ftSDGS-BCAM FIlV- m. 

The curves of Graph 2 show gpeclfleaXly that for any 
given total span over eighty feet, vith a cDiuran height of 
twenty feet, an eeonony of frnalng neterial is effected with 
each Increase in the number of equal span bays up to at least 
four, for the type of structure considered. However, the 
consistent shape of the curves points to the generalized 
stateaent aade at the beginlng of this article. There is one 
obvious limitation to the generalized statement. The curves 
show that there is an Increased economy with each increase in 
the number of bays up to the point where the column height is 
equal to the spsn per bay. Thus for a sixty foot total span, 
with twenty foot columns, the best economy shown is with three 
twenty foot bays, ^or an eighty foot total span, with twenty 
foot columns, the best econony shown is with four twenty foot 
bays. The aeabers used for the exterior columns in the designs 
for the twenty foot span per bay structures were very near the 
lightest seabers available which make satisfactory columns. 

Also because of the unsupported length of the interior columns, 
theae members were actually heavier than the exterior columns 
and roof members, though the interior columns should theoret- 
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Ically be the lltrhtept raeabere In the structure. Thus there 
Is obviously a lower llnlt below which the span per bay cannot 
be reduced and still obtain Incree.slns^ economy. Froa a stand- 
point of frane aaterlal econoayg It eeeas that the span per 
bay should not be leas than the coluan height. 

This line of reasoning is further born out by the fact 
that ss the number of bays Is Increased the percentage 
Increase in econorsy for each additional bay decreases. The 
law of dlminiehlng returns definitely applies. The following 
table to Illustrate this ttlvea averaf?e values from all of the 
curves on hraph 2. 'To curve varied more than five percent from 
those over?»ge values. 



Fron the dlscuesion so far, it Is seen that points for 
five equal span bays would add considerably to the value of 
the curves, as was mentioned In A.rtlcle 3~2. ^uch points 
would definitely help to establish the lower limit of each 
curve. Points for structures using a fifteen foot span per 
bay would, of course, be brought in with the five bay stnictures 
to add to the value of the new points. 

Only economy of framing material has been considered in 
this work. For any given structure the overall economy must 
be considered in Its design. Aa was pointed out, the weight 
of roofing and eidir^ aaterlal for a given total span, for the 



Increase from 



7elght saved by Increase 
(percent of larger weight) 



1 to 2 bays 

2 to 3 bays 
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structures deslcrnsd, irns nearly Independent of the nuaber of 
bays used. The only factor cban<»'ln ?5 this quantity is the 
sllffht chana-es In roof slope. Thus frora a purely sate rial 
standpoint, the nost economical structure of the type eonslder«d 
in this TTOrk is the one with spans oer bay approximately 
equal to the column helarht. However, In the overall economy 
the costs of fabrication and erection r?uat be considered. 

The evaluation of these Iteae are beyond the scope of this 
work, and are only sentloned to point out the other phaaea 
of the problesB. In any practical desli^n the two phases auet 
be balanced, 

3~9. Suycreetione for Further gtudy . 

It Is pointed out In Section II that '1r. Amlriklen’ s 
concept of articulated wed(^e-beasi franlny. Is new, and that there 
are aany possibilities for further investlmatlons In connection 
with It. Alon«^ the lines of this work, a similar project 
could be done for the various systems of re^^ulsr rl.<:?ld franlnf?, 
fuch a project uslns^ the sane problem conditions ae this wor^ 
would provide a bade for economy comparisons between re< 5 Ular 
rl<*ld framing and articulated wedtre-besm frstainct over a rar^e 
of spans and bay arransreme fits. The project would also check 
the extent to which the results of this work apply to other 
types of construction. 
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IV, G0’TI*UTATI0N2 

This esctlon le divided Into six article o. The first 
four articles cover the desif?n coeaputatlons for the slnc^le 

t»y, two bay, thr^e bay and four bay structure e respectively, 

Tach article contains s suaKiary of the coniputatlons for the 
structures designed in that article. Detailed computations 
are presented for the forty foot span per bay structure for 
each article too Illustrate the coTiPlete procedure for the 
structureo in that article. In the detailed conputstlons 
items which merely duplicate previous work or methods are 
oaltted, and only the results for those items are indicated. 

An attempt has been made to reduce needlees detail to a 
ninlnua. 

Article 5 is 8 tabulation of the data used to plot fJraph 1, 

Article 6 is a tabulation of some properties of wedge- 

beam members used. This tabulation was computed for use in 
this work as a supplement to the similar section of the A,I,G«C. 
?teel Construct ion Manual , The method of co-aputlng Items 
for this table is shown In the eaaple computations of Article 
A-1. The tabulation does not cover sll of the members listed 
In the A.I.C.C. Manual . It dose not Include many Items given 
In the Manua 1 for each «F section, Scxae of the unlisted Items 
are unchanged when the regular section is converted Into a 
wedcre-beaa section. The Man^^al and the tabulation were used 
together In the deeism work. It Is not recomiaended t’tiat this 
tabulation be used blindly In other works without full realize- 
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tlon that the table was constructed to slide rule accuracy 
only. It Is presented because of Its possible value aa a 
form end a check for future work. 
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60* span per bay; 60* total eoan . 

Keactlons at base of exterior coluan: H - 15k, V - jOk 

'Inal raeabers: 

all aeabers - 1S“F55. 

Wel«tht: 4,74 pgf 

50* 8Pan oer bay; 50* total span . 

Reactions at base of exterior clouan: -i - 22.9k, V - 40k 
'^’Inal aeabers: 

all aeabtrs - 21'.~68, 

^elo-ht: 5.34 psf 

120* span per bay; 120* total fioan , 
eactions ot base of exterior colunin: t - 51.5'<s V - 60k 

■S' Inal neabers: 

all ae^bere - 30''^?103 (use e of 3"). 

'^.el'Tht: 7.39 psf 

150* span oer bay: 150* total span , 
f'esctlona at bane of exterior coluaa: H - 70. 4k, V - 75k 
■*’inal aenbers: 

columns - 33 ''’'141 (use e of 5'^) 

roof Eembers - 33'^?'130 (use re«:ular e of 2”), 



'’eiprht: 8,62 psf 
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?0* gpan p«r bay; 40’ total gpnrt . 
leectlone at base of exterior colu':m: H - 2k, V - 10k 
Final aeabers: 

exterior columns and roof aembers - 12B14 
Interior colutm «• 6B15.5 

’lelaht: 1.87 psf 

60* span per bey; 120* total ensn . 

Reactions at base of exterior colunn: H - 15k, V - 30k 
'*’lnal merabers: 

exterior colurons and roof aembere ~ 18'^?55 
Interior colunn - 8“F28 

■^elftht: 4.04 psf 

90* Bpan per bay; 160* total span , 
f^eactlone at base of exterior colunn: H - ?2.9k, V - 40k 
’^inal neabera: 

exterior columns and roof members - 21»F63 
interior column - 5" ^35 

''.eicrht: 4,70 psf 

120* gpan per bay; 240* total spa n . 

Keactions at bane of exterior colunn; 4 - 51.5k, '/ - 60k 
'Inal aeabers: 

exterior columns and roof aembero - 30' ^103 {ua« e of 3") 
Interior column - 3 “48 

^elp'ht: 6.69 psf 

150* soan per bay; 300’ total soan . 

'“'cactlone at bane of exterior column; 4 ~ 70,4k, V - 75k 
^inal metabers: 

exterior columns ~ 33 ’7141 (use e of 5”) 
roof Rerabere - 33^71;^ 

Interior colunn - 8tr67 



^elocht: 7.90 psf 
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?0* span oer bay; 60* total snsn 



forces at cut Joint: I! - 1.50k, V ~ 0 

Eeactlone at base of exterior coluan: H - 1,75k, V - 9,Ak 
Final saembers: 

exterior coluraas and roof Eeabers - 12ai4 
Interior colunma - 6ni5.5 

welprbt: 1.77 psf 

60* span per bay; IBQ* total goan . 

Forces at cut Joint: H - 15®5k, V - 0 

reactions at base of exterior colu3«a: 'J - 15.25k, V - 30,2k 
Final sssnbers: 

exterior colutans and roof mesbers - 1S'?55 
interior coluans - S" 5^23 

■••'elpcht: 3»S2 psf 

30* soon per bav: ?40* total spran . 

Forces at cut joint: !! « 24.4k, V - O 

Reactions at base of exterior column: H - 23,6k, V - 40,7k 

Final taesbers: 

exterior columns ~ 21”'73 
roof members - 21-.763 

Interior eolumne • S»fF35 

’elsrht: 4,54 psf 

100* 8P«n per bay: 300* total span , 

’^orces at cut joint: H -39, 3k, V - 0 

Reactions at base of exterior column: - 37, 5k, V - 51.25k 

Pinal members: 

exterior colusms - 24‘'< FlOO (use e of 3' ) 

Interior coluans - 8?F43 

roof toeaberB-exterlor bays - 24k -^4 

roof senbers-lnterior bays - 24'’.B*34 



^^elTht: 5.71 psf 
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go* gp^n per bay: BO* total an^n . 

?^orces at cut joint: -! - 1.4k:, V - ,03k 

Feactlons at base of exterior column: H - 1.8k, V - 9.45k 

?lnal members: 

exterior coinans and roof •seabers - I?'5l4 

interior columns - 6B15.5 

«eip;ht: l,7g psf 

60* span per bay: gAO* total cosn . 

Forces at cut joint: ll - 15.9k, V - ,5k 

Reactions at base of exterior column: 'I - 15.25k, V - 30,2k 
Final aeabers: 

exterior coluane and roof members - 15*^55 

interior columns ~ 8%?23 

■^elscht: 3.71 psf 

30* span per bay: 320* total coan , 
s*orces ct cut joint: :? - 26.2k, V - 1.2k 

Reactions at base of exterior column: H - 24,0k, V - 40,9k 
^Inal meabera: 



exterior columns - 21*F73 

Interior columns - S’%F40 

center column - 8?.F35 

roof membera - exterior bays - 21’. F73 

foor neabers « Interior bays - 2i'*F6S 



*.ei«^ht: 4,5S paf 

100* span per bay: 400* total span . 

Force B at cut Joint: H - 41, 5k, V - 2,1k 

Reactions at base of exterior column: H - 37.2k, V - 51.0k 
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^Inal aenberej 

exterior coluans - 

Interior coluane - 

center colunsn » 

roof seabers - exterior bays - 

roof aeabers - Interior bays - 



^elfrht: 5.55 paf 



4-5. 


Tabulation of 
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psf of 


of 


r*pan 


Total 


floor 


lavs 


per bay 


span 


area 


1 


40 


40 


3.61 


1 


60 


60 
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7.90 


3 


20 


60 
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4-6. nome Properties of *^lected ■>edg;g-BeR’^ sections . 
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